N95- 23441 


Detailed Measurements in the SSME 
High Pressure Fuel Turbine 
with Smooth Rotor Blades 


Susan T. Hudson 

NASA-Marshall Space Flight Center 
ED3 4 /Experimental Fluid Dynamics Branch 
Huntsville, AL 35812 


S 3*>- 3J 



Abstract 

Several tests of the Rocketdyne configuration of the Space 
Shuttle Main Engine (SSME) High Pressure Fuel Turbopump (HPFTP) 
Turbine have been completed in the Turbine Test Equipment (TTE) at 
Marshall Space Flight Center. The tests involved using scaled 
performance parameters and model measurements to predict the 
performance of the turbine. The overall performance has been the 
primary objective of the tests to date, but more detailed 
measurements are also of interest. During the most recent test of 
the Rocketdyne configuration of the HPFTP turbine with smooth rotor 
blades, several different measurement techniques were used to study 
the turbine inlet and exit velocity profiles, boundary layer 
thicknesses, turbulence intensities, etc. Data has been obtained 
using various hot film probes and three-hole cobra probes. Laser 
Velocimeter measurements were also made. The test plan and test 
data will be presented and discussed as well as lessons learned on 
how to obtain the various types of data. 
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Detailed Measurements in the SSME 
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• Conclusions 


Test Objectives 
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• Determine effect of Reynolds number on measurements 







TTE Facts 
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Pressure Systems, Inc. (PSI) System 
Hewlett-Packard (HP) 3852S data acquisition system 
VAX — database and data analysis 
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FulfScale SSMC' Fuel Turbine TestModel 



Phase IA Configuration 
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COMPARISON OF COATED, UNCOATED, & POLISHED 

SSME HPFTP TURBINE BLADES 
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Phase IA Instrumentation 














Spatial Resolution of Measurements 
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LV Probe 0.197 0.008 Control volume 

size 




















LASER VELOCIMETER SYSTEM SCHEMATIC 
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SEEGMILLER ATOMIZER 


Test Plan 
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Test Plan (continued) 


§ 


<u v 

fa *- 
P D 

52 5/3 

03 « 
<D 0> 


5/3 

<y 

5/3 

5/3 

4> 

e 

.fa p 

£ C3 

H ft 

^ s 
«8 S 
■J s 

| .a 

§1 

5 ® 

PQ w 
3 

S3 68 

So 


S a 

gsf 

*> *g ~ 

bD 2 4) 
C3 £J u 
p* ^ c 

m 3 

« 8-fi 
S "aj 3 

■S > H 

« £ 2 

3 3 

qr C/5 

•g §S 

£ss 


S 

s 

p 

.fa 5 
£ «8 
^ ft 

£ 2 

p § 

s-> i« 


£ -o 

§ O 


<J ft U ft 


< pq U ft W 


1705 


Determine Re Effect on Measurements 
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SSME HPFT INLET VELOCITY PROFILE AND TURBULENCE INTENSITY 

(104% POWER LEVEL-HOT FILM-CYLINDER) 
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SSME HPFT EXIT VELOCITY PROFILE AND TURBULENCE INTENSITY 

(104% POWER LEVEL-HOT FILM-CYLINDER) 
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SSME HPFT EXIT VELOCITY PROFILES (104% POWER LE 
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SSME HPFT Exit Swirl Versus Span and Circumferential Position 

(104% Power Level) 
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Note: Positive swirl is clockwise looking from turbine inlet to exit. 





SSME HPFT Exit Velocity Versus Span and Circumferential Position 

(104% Power Level) 
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